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M EDICATIONS may be one of the most eomplieated therapies an older person ean reeeive. Although physiologie ehanges of aging eomplieate both the pharmaeodynamie and phannacokinetie proeess in healthy older adults, for those who are ill there are further deleterious effeets (1) . Human faetors sueh as ineome level, support systems, motivation, and belief systems further influenee the administration of medieations to elderly patients, who are the leading eonsumers of preseription drugs in the United States (2) . This situation is especially eritical after an episode of acute illness. Today's elderly hospital patient is likely to exit the hospital quicker and sicker, aeeompanied by a handful of prescriptions for medications that are part of the continuing rehabilitation regimen. In a study of 141 elderly patients conducted by Dellasega and Stricklin (3) , the average elderly patient discharged from the hospital took 5.16 prescriptions horne with himfher. In another investigation of postdischarge medication use, Dansky and colleagues (4) discovered that medication changes in this population were common: 26% of 51 patients required adjustment and alteration of their medications in the first 2 weeks after discharge. This practiee requires not only time from health care practitioners to evaluate patients and educate them on their new prescriptions, but money to pay for additional contacts with the physician who orders the drug.
A study by Dellasega and colleagues demonstrated that hospitalized elderly patients were seriously impaired in their ability M514 to understand the schedule and purpose of prescription medications prior to discharge (5) . The sudden nature of discharge, accompanied by shorter hospital stays, on top of the compromised status of patients, make it likely that problems requiring medication adjustments will occur after leaving the hospital.
The use of medications in the horne setting by elderly persons has not been well-studied, although there is evidence that such research is needed. These types of studies may be most important in rural areas, where elderly residents may have diffieulty traveling to pharmacies, or accessing information about prescriptions. Johnson and Moore (6) conducted a brown bag phannacy session in a rural setting and discovered that subjects tended to combine medications without consulting a physician, with a substantial percent (25%) reporting that they took more than the recommended dosage.
Chronic and acute cardiac problems are the leading diseases of old age (7) . Accordingly, eardiae medieations are the leading category of drugs taken by elderly persons (8) . Patients with a cardiac diagnosis in particular are likely to be on a wide variety of pharmaeologic agents designed to control symptoms and enhance function (9) . Often this regimen is eomplieated, requiring several different types of drugs to obtain a single outcome (10) .
Elderly residents of rural areas are in poorer health and have lower functional status than their urban counterparts (11) . This means they are in a difficult situation for managing medications because of problems aecessing health care due to distance (12) .
M515
A study by Veitch (13) found that as distance from a health care faci1ity increased, subjects were more 1ike1y to telephone than visit for medical advice.
In their ethnographic study of horne care for older rural residents, Magilvy and colleagues (14) found that precipitous hospital discharges affected rural residents dramatically, because it was often difficult to provide medications or equipment in their hornes quickly. Residents in rural areas tend to have poorer health, be hospitalized more frequently, and experience Ionger lengths-of-stay (15) .
Study Purpose
It was the purpose of this prospective, longitudinal study to explore postdischarge recovery in a sample of elderly cardiac patients treated at a large tertiary care center. In this study, postdischarge recovery was conceptualized as the stability of medication use during the immediate period after leaving the hospital. The primary research questions for this study relate to patterns of medication use over time and to the possibility of differential drug utilization and health outcomes as a function of rurality.
MErnODS

Subjects and Procedures
Subjects for the study were obtained at a large tertiary care center that serves a primary catchment area of approximately 31 counties. The medical center is well-known for its services for cardiology and cardiac surgery patients. Included are sophisticated diagnostic and interventional cardiac services, medical and surgical intensive and intermediate care units, an outpatient cardiac rehabilitation program, and ambulatory care practice sites. All patients aged 65 years and older, whose primary diagnosis was a medicalor surgical cardiac condition [diagnostic related group (DRGs) 104-144], who were cognitively intact, and being discharged to home were eligible to participate. Subjects were approached in the hospital prior to discharge to explain the purpose of the study and to obtain consent for participation. Hospital personnel were oriented to recruitment procedures and research assistants were trained in data collection protocols.
One hundred and six patients were approached during hospitalization; 53 consented to participate and 53 declined, yielding a 50% response rate. Those who refused did so because they felt they did not have the time or energy needed to make the commitment to the study.
Data on the subjects' diagnoses, medication use, and other demographic information were collected from the medical record at the time of recruitment. Subjects were telephoned at horne at their convenience at 2, 4, 12, and 20 weeks after discharge. A total of 32 (60%) subjects completed all five occasions of measurement.
Measures
A battery of instruments was used to collect information on variables of interest for this study. The Patient Chart Form was used to collect data on the selected demographic and health variables. Additionally, information from the hospital discharge plan was obtained.
Medication use.-The Resource Utilization Checklist (RUC) (16) was used to assess use of a variety of health care therapies andresources after discharge from the acute care setting. This 15-item tool was developed to tally all resources a newly discharged patient might use in the horne setting. The RUC has been used in other postdischarge studies, and has been reviewed for content validity with good results. Reliability using Cronbach's alpha was .62. Medication use was assessed on the RUC by documenting all medications the patient was taking in the hospital at the time of recruitment and then assessing any changes in the regimen during each follow-up call. Any change in type, schedule, or dose of medication was then recorded, with an explanation of the reason. Additions and deletions of prescriptions were also assessed. All medication use was then coded using the American Hospital Formulary Service (AHFS) coding scheme.
Health status.-To measure health status the Medical Outcomes Survey Short Form-36 (SF-36) (17) was used. The SF-36 is a 36-item instrument with subscales measuring various components of functional health status via self-report: physical functioning, role limitations due to physical and emotional problems, social functioning, bodily pain, general mental health, vitality,and general health perceptions. The instrument is in widespread use and reliability of the individual subscales ranges from .78 to .93 (18) . The median for reliability estimates across 14 studies equalled or exceeded .80, except for the social functioning scale, which averaged .78. Most of these studies used the internal consistency method for evaluating reliability; test-retest coefficients tended to be slightly lower. Reliability was also estimated using internal consistency methods for 24 subgroups of patients (total N == 3445). In these analyses coefficients ranged from .65 to .95, thus satisfying minimum standards of reliability for purposes of group comparisons. Content validity of the SF-36 was assessed by comparing it to other widely used forms in addition to using a number of empirical approaches, including factor analytic tests for construct validity, criterion-referenced approaches, and correlational studies. These studies provided support for the validity of the instrument (19) . Scores on the subscales were linearly transformed to a 0-100 point scale with 100 indicating the most favorable health state.
The Clinical Status Checklist (20) is a 12-item checklist that assesses the subject's general cardiac health by identifying adverse cardiac symptoms, providing an additional measure of health specific to cardiac status. The checklist is based on broad symptomatology relevant to cardiac pathology, and permits calculation of a numerical score by summing the number of positive (Le., "Yes, the condition occurred") responses. Three of the items are specific to surgical patients, whereas the other 9 are generic. The Clinical Status Checklist has been used in a previous study of elderly cardiac patients and has good content validity. A higher score indicates poorer clinical status.
Rurality.--Controversy exists over the best or most appropriate measure ofrurality (21) . In this study, rurality was measured using predetermined county designations established by the Pennsylvania Department of Aging Rural Services Task Force to organize data on health care resource use by elderly residents. The scheme divides Pennsylvania counties into 7 levels:
Philadelphia, Allegheny, urban, suburban, semi-urban, semirural, and rural. The classification system was developed using a number of contextual considerations, including population density and proximity to major metropolitan areas. However, the sampie size of this study was too small to permit meaningful analyses using four categories (urban, semi-urban, rural, semirural), so both rural and both urban categories were merged.
Severity oJillness.-Severity ofillness was measured by the Computerized Severity Index (CSI) (22) . The CSI is a diseasespecific severity system that is considered an extension of the ICD-9-CM coding system and was used as a proxy for comorbidity in this study. Application of the criteria to data obtained from the patient' s hospital record yields a severity rating of 1-4
(1 =nonsevere illness, good prognosis and 4 =severe illness, poor prognosis). In this study, CSI scores were calculated by an expert consultant trained by the developers of the CSI. Severity of illness was computed at three separate occasions: upon admission, at discharge, and for the most severe point of illness, during the inpatient stay. The later CSI score was used in the analyses because it demonstrated the greatest range of values and because it represented the most acute phase of illness.
Analysis
Both univariate and multivariate analyses were conducted. For the selection and respondent bias analysis, t tests and chisquare tests were used to compare respondents with nonrespondents. Repeated measures analysis of covariance (ANCOVA) with unequal intervals was used to examine the association of rurality with drug utilization measures, health outcomes and functional health status. Age, gender, and severity of illness were used as covariates. To address issues of power with such a small sampie size, the same models were run using PROC MIXED and the results were consistent; thus, no additional power was gained by using this method. All analyses were performed using Version 6.12 of SAS for Windows.
RESULTS
Subject Bias
It is important to identify differences in any preadmission characteristics that may be associated with postdischarge progress, and in particular, characteristics that lead to attrition. Sixty percent of the baseline sampie completed all five times of measurement (n = 32). In the context of this study, complete cases are those subjects that completed all five occasions of measurement, while incomplete cases did not. When all baseline subjects were analyzed, t tests indicated that incomplete cases did not differ significantly in age, total number of drugs at baseline, number of symptoms at baseline, nor in any of the three measures of severity of illness. However, chi-square tests indieated that gender (p < .01), marital status (p < .01), and rurality (p < .05) by completion status reached significance. Incomplete cases were significantly more likely to be female, single, and live in an urban area. There was no significant difference in education leveL
Sample Description
The entire study population was white with almost threequarters being male (72%) and an equal percent having an edu-cation level of high school or less (72%). On average the subjects were 73.3 years old (range =65-86), with nearly equal proportions being discharged to rural (47%) and urban (53%) residences. Forty-four percent of the sampie had at least one hospitalization in the month prior to the baseline assessment during which the average length of stay was 7 days. There were no significant differences between rural and urban subjects on these variables. Table 1 summarizes the demographie characteristics of the study population of complete cases and a contrast of rural and urban residents.
Drug Utilization Patterns
To determine the type and amount of medications taken, frequency distributions of the number of prescriptions and drug categories were performed. None of the subjects were medication free at the time of discharge. Urban subjects had a greater number of prescriptions, with over 50% of those subjects taking more than 10 drugs. Cardiac medications were the most frequent category of drug taken by both rural and urban subjects, with analgesies being the second most frequently taken drug. Aspirin prescribed daily was considered as a cardiovascular agent as opposed to an analgesie. More urban subjects took antidepressants, sedative/hypnotics, and gastrointestinal drugs than rural residents. For a profile of drug categories across time, see Table 2 .
Results were subjected to repeated measures ANCOVA to analyze the postdischarge effect of geographic residence (rural vs urban) by time. Residence was the between-subjects factor and time was the within-subjects factor.
Analyses were run using age, gender, and maximum severity of illness as covariates. The results revealed a significant Time X Rurality interaction. As can be seen in Table 3 , urban subjects took a significantly greater number of medications over time (F[4,100] =4.95, p < .001) and subsequently experienced a greater number of fluctuations in the types of drug categories used. There was also a significant Time X Rurality interaction for the number of cardiac medications taken over time (F[4,100] = 3.94, p < .01) with urban subjects consuming more of these drug types. There were no higher order interactions identified. Figures 1 and 2 display these drug utilization variables graphically.
Medication Use and Resource Utilization
Multivariate regression was performed using the lagged value of drug use to predict subsequent resource utilization (i.e., baseline number of drugs predicting time to emergency room visits). Table 4 displays the regression results. The total number of drugs used by urban subjects consistently predicted the number of emergency room visits across the postdischarge period for 2,4, and 12 weeks postdischarge (ß =.94,p < .0001; ß = .81, P < .0001; ß= .52, p < .05; respectively). Also, the total number of drugs at the third and fourth measurement occasions were significantly predictive of the number of postdischarge hospital (re)admissions for urban subjects (ß =.81, p < .OQOI; ß = .68, p < .0 I; respectively). The total number of drugs used showed no relationship between physician visits for either group. ANCOVA results revealed no significant effects of time or rurality on resource utilization (number of physician visits, emergency room visits, and hospital (re)admissions).
Medication Use and Health Status
Analysis of the relationship between the total number of drugs taken and health status scores from both the SF-36 and cardiac symptom checklist were then performed. Surprisingly, the number of cardiac symptoms had no relationship with the number of cardiac medications. Additionally, the lagged values of drug utilization did not predict subsequent scores on any of the SF-36 scales.
Of particular interest is the fact that there was no direct relationship between medication use and severity of illness. That is, urban subjects were discharged from the hospital on significantly more medications even though their severity of illness (CSI score) was no different than rural subjects.
Additional repeated measures ANCOVA were run to analyze the effect of rurality and time on health status as measured by the SF-36. As with the previous ANCOVA analyses, age, gender, and severity of illness were covariates. Self-reported mental health was the only scale to indicate a significant Time X 
DISCUSSION
For cardiac patients the postdischarge period is a particularly critical phase of the recovery period. During this time, adjustment to new medication regimens is one of the many challenges confronting these patients. It is noteworthy that the majority of elderly subjects in this study had less than a high school education, which is typical of the general older population (23) . Formal education status can influence older persons to difficulties understanding and manipulating medication regimens (24) .
This study illustrated that use of drugs from multiple categories is common in older cardiac patients. It is of interest to note that there were no patients without any medication use at either the first or last postdischarge assessment.
It was also common for instability to occur in both the type and total number of medications used, especially in the first weeks after discharge from the hospital. This effect was greater for urban subjects, and might be attributable to easier access to health services such as physicians and hospitals, where changes in medication regimens are commonly implemented. The medication patterns found for urban residents are also remarkable because these subjects reported less cardiac symptomotology than their rural counterparts, which should lead to a more stable regimen. The medication findings might also be attributable to the tendency of urban subjects to report more bodily pain and worse overall health. Direct evidence was found for drug utilization predicting follow-up hospital readmissions and emergency room visits for urban subjects only.
Rural subjects, on the other hand, reported steady improvement in their health status and, according to self-report, had less pain. This may be for several reasons, including the hardy, selfreliant personality that has been attributed to rural residents in the literature (25) (26) (27) . Inability to access resources such as physician follow-up care or pharmacies in rural areas may also have made subjects less likely to focus on negative symptoms. Finally, it may be that the denser support networks in rural areas fostered a greater sense of well-being in these subjects. As noted in their study of continuity of care, Magilvy and colleagues (14) state, "Even very frail elders were likely not to use any formal services if they lived with a caregiver..." (p. 32).
These data do indicate a possible attrition bias which should be considered when interpreting the results of this study. It is possible that those subjects who did not complete the study dropped out because the additional stress of being involved affected them more profoundly than their male counterparts who Rurality effect (F [3, 23] = 3.25, p < .05). No statistically significant differences between rural and urban groups, nor difference over time, were found for the remaining SF-36 scales. Table 5 displays the mean scores for all the SF-36 scales across time.
Higher scores indicate better health status.
As expected, lower general health scores were reported for subjects taking more drugs, with the lowest rating occurring at 20 weeks postdischarge among subjects taking seven or more drugs. Both rural and urban subjects scored low on the Role-Physical scale. Rural subjects experienced an improvement in overall General Health and on all the individual scales ofthe SF-36 by 20 weeks postdischarge; however, urban subjects reported a decline in General Health and improved on only four of eight scales. were married and living in rural areas. Although discharge CSI scores were not significantly different for dropouts, they may have lacked a support system (i.e., spouse) which could buffer the effects of illness (28) . It may also be that women in urban areas integrated back into their preillness lifestyle more quickly than rural subjects, and were distracted from completing the study. . External validity of this study is also limited by the small sample size. Subjects were typical of the larger group of older persons routinely referred to this medical center for treatment of a medicalor surgical cardiac condition. The authors recognize that the low power may have precluded the emergence of significant effects; however, to detect the effects of the nonsignificant variables in this study, a very large sample size would have been required. Conducting these analyses with a larger sample size may reveal significant group differences on the other outcome measures. Thus, the analyses were conducted in an exploratory mode rather than in a rigorous inferential context.
Readmission rates among hospitalized cardiac patients are among the highest for any group of health care users (29) . Frequent calls or visits to health care providers for medication management/adjustment further increase health care costs. Results of this study support the need for additional research on how medication use influences the recovery course of both rural and urban residents.
